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VWUDLJKWEDVHGILQVDVVXPLQJWKDWWKHPLQLPXPZHLJKWILQKDGDOLQHDUWHPSHUDWXUHGLVWULEXWLRQDORQJLWVOHQJWK,Q
>@SUHVHQWHGDQHTXDWLRQIRUWKHWHPSHUDWXUHJUDGLHQWDQGWKHHIIHFWLYHQHVVRIDQQXODUILQVRIFRQVWDQWWKLFNQHVV
ZLWKDV\PPHWULFDOWHPSHUDWXUHGLVWULEXWLRQDURXQGWKHEDVHRIWKHILQ,Q>@UHSRUWHGWKHRSWLPXPGLPHQVLRQVRI
XQLIRUP DQQXODU ILQ E\ UHODWLQJ ILQ GLPHQVLRQV WR WKH KHDW WUDQVIHU DQG WKHUPDO SURSHUWLHV RI WKH ILQ DQG KHDW
WUDQVIHUFRHIILFLHQWEHWZHHQWKHILQDQGLWVVXUURXQGLQJV
7KHRSWLPL]HGGLPHQVLRQVRIWKHILQFDQEHIRXQGLQHLWKHURQHRIWKHWZRZD\VWKHPD[LPXPDPRXQWRI
KHDWGLVVLSDWLRQIRUDJLYHQTXDQWLW\RIZHLJKWRU WKHPLQLPXPZHLJKW IRUGLVVLSDWLQJDJLYHQTXDQWLW\RIKHDW
8OPDQQDQG.DOPDQ>@DGRSWHGWKHILUVWZD\DQGGHWHUPLQHGWKHHIILFLHQF\DQGRSWLPXPGLPHQVLRQVRIDQQXODU
ILQVZLWKWULDQJXODUSDUDEROLFDQGK\SHUEROLFSURILOHVXVLQJQXPHULFDOWHFKQLTXHV'KDUDQG$URUD>@GHVFULEHG
WKHPHWKRGVRIFDUU\LQJRXWWKHPLQLPXPZHLJKWGHVLJQRIILQQHGVXUIDFHVRIVSHFLILFW\SHE\ILUVWREWDLQLQJWKH
RSWLPXPVXUIDFHSURILOHRID ILQUHTXLUHG WRGLVVLSDWHDFHUWDLQDPRXQWRIKHDW IURPWKHJLYHQVXUIDFHZLWKQR
UHVWULFWLRQRQWKHILQKHLJKWDQGWKHQH[WHQGHGWKHLUVWXG\IRUWKHFDVHZKHQILQKHLJKWLVJLYHQ'XIILQ>@JDYHD
PHWKRG IRU FDUU\LQJ RXW WKHPLQLPXPZHLJKW GHVLJQ RI D ILQ XVLQJ D ULJRURXVPDWKHPDWLFDOPHWKRG EDVHGRQ
9DULDWLRDQDO FDOFXOXV DQG DVVXPHGFRQVWDQW WKHUPDO FRQGXFWLYLW\RI D ILQPDWHULDO DQG D FRQVWDQW KHDW WUDQVIHU
FRHIILFLHQWDORQJWKHILQVXUIDFH,QDUHFHQWZRUN$UDX]RHWDO>@UHSRUWHGDWHQWHUPSRZHUVHULHVPHWKRGIRU
SUHGLFWLQJ WKH WHPSHUDWXUH GLVWULEXWLRQV DQG WKH KHDW WUDQVIHU UDWHV RI DQQXODU ILQV RI K\SHUEROLF SURILOHV
$VVXPLQJIL[HGILQYROXPH$UVODQWXUN>@UHSRUWHGVLPSOHFRUUHODWLRQHTXDWLRQVIRURSWLPXPGHVLJQRIDQQXODU
ILQVZLWK XQLIRUPFURVV VHFWLRQV WRREWDLQ WKHGLPHQVLRQOHVV JHRPHWULFDO SDUDPHWHUVRI WKH ILQZLWKPD[LPXP
KHDWWUDQVIHUUDWHV7KHVHVLPSOHFRUUHODWLRQHTXDWLRQVFDQKHOSWKHWKHUPDOGHVLJQHQJLQHHUVIRUFDUU\LQJRXWWKH
VWXG\RQRSWLPXPGHVLJQRIDQQXODUILQVRIXQLIRUPWKLFNQHVV,QWKHLUUHFHQWZRUN.XQGXDQG'DV>@UHSRUWHG
WKH SHUIRUPDQFH DQDO\VLV DQG RSWLPL]DWLRQ RI FRQFHQWULF DQQXODU ILQV ZLWK D VWHS FKDQJH LQ WKLFNQHVV XVLQJ
/DJUDQJHPXOWLSOLHU
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
,QD UHFHQWZRUN ,ERUUDDQG&DPSR>@UHSRUWHG WKDWDSSUR[LPDWHDQDO\WLF WHPSHUDWXUHSURILOHVDQGKHDW
WUDQVIHUUDWHVRIJRRGTXDOLW\DUHHDVLO\REWDLQDEOHZLWKRXWUHVRUWLQJWRWKHH[DFWDQDO\WLFWHPSHUDWXUHGLVWULEXWLRQ
DQGKHDWWUDQVIHUUDWHEDVHGRQPRGLILHG%HVVHOIXQFWLRQV.DQJ>@UHSRUWHGWKHRSWLPXPSHUIRUPDQFHDQGILQ
OHQJWK RI D UHFWDQJXODU SURILOH DQQXODU ILQ XVLQJ YDULDWLRQV VHSDUDWLRQ PHWKRG $]L] DQG )DQJ >@ SUHVHQWHG
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DOWHUQDWLYHVROXWLRQVIRUGLIIHUHQWWLSFRQGLWLRQVRIORQJLWXGLQDOILQVKDYLQJUHFWDQJXODUWUDSH]RLGDODQGFRQFDYH
SDUDEROLFSURILOHVDQGUHSRUWHGUHODWLRQVKLSEHWZHHQGLPHQVLRQOHVVKHDWIOX[ILQSDUDPHWHUDQGGLPHQVLRQOHVVWLS
WHPSHUDWXUHIRUDOOWKHJHRPHWULHV$]L]DQG.KDQL>@SUHVHQWHGDQDQDO\WLFDOVROXWLRQIRUWKHUPDOSHUIRUPDQFH
RIDQQXODUILQVRIUHFWDQJXODUDQGGLIIHUHQWFRQYH[SDUDEROLFSURILOHVPRXQWHGRQDURWDWLQJVKDIWORVLQJKHDWE\
FRQYHFWLRQWRLWVVXUURXQGLQJV,QWKHLUZRUNFRQYHFWLRQKHDWWUDQVIHUFRHIILFLHQWZDVDVVXPHGWREHDIXQFWLRQRI
UDGLDOFRRUGLQDWHDQGVKDIWVSHHG
,Q DQ H[SHULPHQWDO VWXG\ KHDW WUDQVIHU UDWH DQG HIILFLHQF\ IRU FLUFXODU DQG HOOLSWLFDO DQQXODU ILQV ZHUH
DQDO\]HG IRUGLIIHUHQW HQYLURQPHQWDO FRQGLWLRQVE\1DJDUDQL>@DQGKLJK HIILFLHQF\ZDV UHSRUWHG IRU HOOLSWLFDO
ILQVDVFRPSDUHGWRFLUFXODURQHV$QDQDO\WLFDOVROXWLRQIRUDURWDWLQJUDGLDOILQRIUHFWDQJXODUSURILOHZHUHJLYHQ
E\$]L]DQG.KDQL>@,QWKLVVWXG\VROXWLRQZDVREWDLQHGE\+RPRWRS\DQDO\VLV0HWKRG+$0DQGFRPSDUHG
ZLWK WKHGLUHFWQXPHULFDO VROXWLRQ IRUERWK UHFWDQJXODUDQGSDUDEROLFSURILOHV ,QDQRWKHU VWXG\$]L]DQG)DQJ
>@GHULYHGDQDO\WLFDOH[SUHVVLRQVIRUWKHWHPSHUDWXUHGLVWULEXWLRQWLSKHDWIORZDQGELRWQXPEHUDWWKHWLSDQG
UHSRUWHGWKHUPDOSHUIRUPDQFHRIWKHDQQXODUILQXQGHUERWKFRROLQJDQGKHDWLQJFRQGLWLRQV
0RUDGL DQG 5DILHH >@ VROYHG WKH FRQYHFWLRQUDGLDWLRQ SUREOHP RI PRYLQJ ORQJLWXGLQDO ILQ IRU YDU\LQJ
SURILOHV'LIIHUHQWLDOWUDQVIRUPDWLRQPHWKRGZHUHDSSOLHGIRUVROYLQJWKHJRYHUQLQJHTXDWLRQDQGUHVXOWVLQGLFDWH
WKDWH[SRQHQWLDOSURILOHWLSWHPSHUDWXUHLVKLJKHUWKDQWKHRWKHUSURILOH
,Q D UHFHQW ZRUN*DED HW DO >@ UHSRUWHG WKH SHUIRUPDQFH RI IXQFWLRQDOO\ JUDGHG SDUDEROLF DQQXODU ILQ
KDYLQJFRQVWDQWZHLJKWZKHUHLQWKHHIIHFWRIJUDGLQJDQGJHRPHWU\SDUDPHWHUKDVEHHQLQYHVWLJDWHGDQGGHSHQGV
RIILQSHUIRUPDQFHRQSURILOHDQGJUDGLQJLVUHSRUWHG
0DWKHPDWLFDO)RUPXODWLRQ
$VVXPLQJWKHHIIHFWRIURWDWLRQRQFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWEHLQJDOLQHDUIXQFWLRQRIDQJXODU
YHORFLW\ZRIVKDIWDUHODWLRQLVWDNHQLQWKHIRUPRI$]L]DQG.KDQL>@

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
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7KHVHFRQGRUGHUGLIIHUHQWLDOHTXDWLRQIRUWKHKHDWWUDQVIHUWKURXJKWKHILQVKDVWREHGHYHORSHGWRGHWHUPLQHWKH
WHPSHUDWXUHSURILOH)RUFDOFXODWLQJWKHKHDWEDODQFHWKHGHWDLOV IRUDFRQWUROYROXPHRIOHQJWKµGU¶¶RID ILQLV
VKRZQ LQ )LJ 7KLV FRUUHODWLRQ HTXDWLRQ VHFRQG RUGHU GLIIHUHQWLDO HTXDWLRQ KDV EHHQ VROYHG XVLQJ D
FRPSXWDWLRQDODOJRULWKP7KHUPDOHQHUJ\EDODQFH\LHOGV

4U 4UGU4FRQY         
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8VLQJ(TVWKHIROORZLQJHTXDWLRQFDQEHDUULYHGDW
         
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7KHILQJHRPHWU\DQGSK\VLFDOSDUDPHWHUVDUHQRUPDOL]HGXVLQJWKHIROORZLQJH[SUHVVLRQV
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EDVHGRQDUDQJHRI&DQG& 
5HVXOWDQG'LVFXVVLRQ
7KH WHPSHUDWXUHGLVWULEXWLRQ DQGKHDW WUDQVIHU RI WKH ILQ LV FDOFXODWHGE\ HYDOXDWLQJ WKH ILUVW GHULYDWLYHRI
WHPSHUDWXUHDWWKHILQEDVHLHI¶[ E\VROYLQJVHFRQGRUGHUGLIIHUHQWLDOHTXDWLRQLQ0$7/$%XVLQJVXEURXWLQH
EYSF 6KDPSLQH HW $O >@ 6XEURXWLQH EYSF LV D SURYHQ WHFKQLTXH WR VROYH ERXQGDU\ YDOXH SUREOHPV E\
FKRRVLQJ D FRQWLQXRXV SLHFHZLVH SRO\QRPLDO WKDW DGMXVWV WR WKH ERXQGDU\ FRQGLWLRQV7KH UHPDLQLQJ XQNQRZQ
FRHIILFLHQWV DUH GHWHUPLQHG E\ FROORFDWLQJ WKH DOJHEUDLF HTXDWLRQV DW VHYHUDO SRLQWV ,W LV DQ DGDSWLYH ILQLWH
GLIIHUHQFHFRGHWKDWHPSOR\VWKUHHVWDJH/REDWWR,,,DFROORFDWLRQIRUPXODE\FRPSXWLQJDFXELFVSOLQHRQHDFK
VXELQWHUYDO>[L[L@RIDPHVK7KHDSSUR[LPDWHFRQWLQXRXVVROXWLRQLVREWDLQHGE\FRQWUROOLQJWKHUHVLGXDORYHU
HDFKVXELQWHUYDO>[L[L@DSSUR[LPDWHGXVLQJDILYHSRLQW/REDWWRTXDGUDWXUHIRUPXOD
/LWHUDWXUHVXUYH\SRLQWVWRZDUGVWKHQRQH[LVWHQFHRIVWXGLHVDGGUHVVLQJWKHSUREOHPRIIXQFWLRQDOO\JUDGHG
URWDWLQJDQQXODUILQV9DOLGDWLRQRIWKHIRUPXODWLRQLVSUHVHQWHGIRUDQQXODUILQRIUHFWDQJXODUSURILOHFRQVLGHULQJ
WKH LVRWURS\ RI PDWHULDO $]L] DQG .KDQL >@ DQG SUHVHQWHG LQ )LJ  7KH UHVXOWV DUH IRXQG WR EH LQ JRRG
DJUHHPHQWZLWKEHQFKPDUNUHVXOWV7KLVLVIROORZHGE\DSDUDPHWULFVWXG\IRUDJUDGLQJSDUDPHWHULHE IRU
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UHFWDQJXODU SURILOH 7KH UHVXOWV REWDLQHG IRU GLIIHUHQW URWDWLRQDO VSHHG IRU DVVXPHG JUDGLQJ SDUDPHWHU DUH
SUHVHQWHGLQWKHIROORZLQJJUDSKVDQGGLVFXVVHG




)LJ'LVWULEXWLRQRI1RUPDOL]HG7HPSHUDWXUHRYHUWKH'LPHQVLRQOHVVFRRUGLQDWH



)LJ1RUPDOL]HG7HPSHUDWXUHGLVWULEXWLRQDORQJZLWKWKHILQUDGLXV




)LJ1RUPDOL]HG+HDW7UDQVIHUDORQJZLWKWKHILQUDGLXV

)RUUHFWDQJXODUSURILOHWKHHIIHFWRISDUDPHWHU&DQG&RQWKHWHPSHUDWXUHGLVWULEXWLRQDORQJWKHUDGLXVLV
VKRZQLQ)LJ,WLVREVHUYHGIURP)LJWKDWWHPSHUDWXUHDWWKHWLSGHFUHDVHVZLWKLQFUHDVHLQ&DWWKHJUDGLQJ
SDUDPHWHU E   6LPLODU REVHUYDWLRQ LV DOVR UHSRUWHG IRU WKH LQFUHDVH LQ& IRU DQ\& EXW LQIOXHQFH RI ILQ
SDUDPHWHU& LVPRUHRQ WHPSHUDWXUHGLVWULEXWLRQDORQJ WKHUDGLXVFRPSDUHG WRSDUDPHWHU&7KLV UHYHDOV WKDW
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KLJKHU WKHYDOXHRI ILQSDUDPHWHU&DQG URWDWLQJSDUDPHWHU& VKDUSHU WKHGHFOLQH LQ WHPSHUDWXUHSURILOH WKXV
LQGLFDWLQJWKDWWKHSRUWLRQQHDUWKHWLSRIWKHILQLVQRWSDUWLFLSDWLQJLQKHDWWUDQVIHU$VDUHVXOWWKHSHUIRUPDQFH
RIWKHILQUHGXFHVZLWKWKHLQFUHDVHLQILQSDUDPHWHUDQGURWDWLQJSDUDPHWHUIRUWKHVDPHDVSHFWUDWLR+RZHYHU
WKLV DOVR SURYLGHV WKH RSSRUWXQLW\ WR UHGXFH WKH VL]H RI WKH ILQ DQG LPSURYH WKH SHUIRUPDQFH RI WKH ILQ IRU D
UHGXFHGVL]H7KHSHUIRUPDQFHRIILQLVDOVRDQDO\VHGE\FDOFXODWLQJWKHQRUPDOL]HGKHDWWUDQVIHUE\YDU\LQJWKH
YDOXHVRIILQSDUDPHWHUDQGURWDWLQJSDUDPHWHUDQGDUHGHSLFWHGLQ)LJ,WLVHYLGHQWIURPWKHILJXUHWKDWKLJKHU
YDOXHV&DQG&DORQJZLWKKLJKWKHUPDOFRQGXFWLYLW\QHDUWKHEDVHE JLYHVKLJKHUKHDWWUDQVIHU7KHKHDW
WUDQVIHUUHGXFHVVKDUSO\WRZDUGVWKHWLSDVH[FHVVWHPSHUDWXUHLVVPDOOGXHWRWKHFRPELQHGHIIHFWRIJUDGLQJDQG
URWDWLRQRIWKHILQ7KLVPD\EHDWWULEXWHGWRWKHIDFWWKDWWKHWHPSHUDWXUHGLVWULEXWLRQVKRZQLQILJSURYLGHV
KLJKHUKHDW WUDQVIHU ,W LVHYLGHQW WKDWDW WKHEDVH IRUKLJKHUYDOXHVRI& DQG& KHDW WUDQVIHU LVKLJKHUEXW LW
GHFUHDVHVVKDUSO\WREHFRPHOHDVWDW WKHWLS7KLV LVGXHWRLQFUHDVHLQFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWZLWK
LQFUHDVHLV&
&RQFOXVLRQ
7KH SHUIRUPDQFH RI IXQFWLRQDOO\ JUDGHG DQQXODU ILQV KDYLQJ UHFWDQJXODU SURILOH VXEMHFWHG WR URWDWLRQ LV
UHSRUWHG 7KH VWXG\ LV FDUULHG RXW IRU GLIIHUHQW YDOXH RI SDUDPHWHU & DQG& DQG JUDGLQJ SDUDPHWHU E ,W LV
REVHUYHG WKDW IRU LQFUHDVH LQ ILQ SDUDPHWHU & DQG URWDWLRQDO VSHHG SDUDPHWHU& WKH SHUIRUPDQFH RI WKH ILQ
GHFUHDVHV IRU WKH VDPHDVSHFW UDWLRRI WKH ILQEXW WKH VL]H RI ILQFDQEH UHGXFHGDQGSHUIRUPDQFHRI WKH ILQ LV
LQFUHDVHGIRUWKHUHGXFHGDVSHFWUDWLR7KHVWXG\RIHIIHFWRIJUDGLQJSDUDPHWHURQILQSHUIRUPDQFHLQGLFDWHVWKDW
ERWKWHPSHUDWXUHGLVWULEXWLRQDQGKHDWWUDQVIHUDUHHQKDQFHGZLWKGHFUHDVHLQJUDGLQJSDUDPHWHU
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